A survey of the tissues of many forms of wild animals (e.g. otters, field mice, terrestrial birds of prey, coastal sea-ducks and pelagic sea birds) revealed that DDT, dieldrin, PCBs, mercury and cadmium were frequently present. The last two chemicals are toxic metals which can enter the environment through agricultural, industrial or natural pathways (Parslow et al. 1972 , Cooke et al. 1976 , Jefferies & French 1976 , Parslow & Jefferies 1977 , Chanin & Jefferies 1978 .
Withdrawal or restriction of the use of DDT, dieldrin, and PCBs, led to a decline in the tissue levels found in wildlife. Of the birds of prey affected by these chemicals the kestrel, sparrowhawk, and peregrine falcon populations appear to have made a recovery in many areas of the country, and declines in some other species appear to have ceased (largely unpublished observations).
.The earlier work at Monks Wood and at laboratories in other countries raised a great number of questions. One of the most important centred around the sublethal effects of pesticides on wild animals, such as the effects on breeding mentioned above. It was felt that such effects could alter the survival prospect of individuals (and thus change the genetic composition of affected populations) in ways whose cumulative effect might not be noticed until it had caused irreparable environmental damage. Consideration of such serious possibilities suggested that sublethal effects might be better understood from a combination of the field expertise of ecologists with the laboratory expertise of physiologists and biochemists.
Thus, in late 1975, the second phase of work on the problems of pesticides and wildlife began with the formation of a small group of ecologists and physiologists plus one pharmacologist, whose remit was to investigate those aspects of the wildlife pollution scenario which seemed most important.
An interest in the organochlorine insecticides, PCBs, mercury and cadmium, has been maintained, since these chemicals are persistent, appear in substantial amounts in many forms of wildlife, and are still entering the environment in Britain and other parts of the world in substantial quantities. Moreover, it was hoped that a study of 'established' pollutants might improve our understanding of past events, allowing us to manage the pesticide/wildlife problem more effectively in future.
The pollution-bird work at Monks Wood has largely been divided amongst 3 groups of workers. One group, basically with endocrinological interests, has investigated the effects of DDT and dieldrin on the behaviour and plasma hormone levels of feral pigeons in captivity while another group, with a basic interest in seasonal changes in wild animal trace element and protein metabolism, has studied mercury and cadmium in wild birds. A third group have continued the long standing study of pesticide residues in bird of prey carcasses and eggs.
The findings (largely unpublished) of the group working on the organochlorine insecticides can be summarized as follows (Dobson, personal communication; and see Dobson et al.'1977) :
The pesticides affected hormone levels in paired pigeons much more than those in unpaired birds, and altered the breeding behaviour of the birds.
The results suggest that breeding could easily be disrupted even if one individual was contaminated and the other was not.
These effects were observed in birds with tissue levels of dieldrin and DDT which were similar to those found in other bird species in the wild.
The animals dosed with DDT did not lay thin-shelled eggs; this was as expected, since the pigeon is not a sensitive species in this respect.
The main findings of the group working on toxic metals can be similarly summarized: High levels of mercury and cadmium are present in the tissues of apparently healthy waders and seabirds, some of which were breeding when killed. It seems likely that such levels (up to 480 mg/kg dry wt, Cd, and 150 mg/kg dry wt. Hg) are apparently harmless since they may be bound to sites in the tissues (e.g. the protein metallothionein) where they are non-toxic. Additionally, at least in the case ofseabirds, the metals probably originate from natural rather than man-made sources. This increases the likelihood that these animals have been able to evolve mechanisms for counteracting any toxic effects of these substances even though much of the mercury is present in the form of methylmercury (Bull et al. 1977 ,Osborn 1978 ,Osborn et 01. 1979 .
There are marked seasonal cycles in both mercury and cadmium levels in wader and starling tissues. There is also evidence for seasonal cycles in zinc, and other essential metals. Since the seasonal cycles in the toxic metals parallel in many ways the essential metal cycles, it is possible that the accumulation of some toxic metals depends upon the way in which the animal is carrying out essential metal metabolism and not simply on the amount of toxic metal the animal is exposed to (Osborn 1979) .
There are seasonal changes in the protein and fat composition of starling tissues which are so marked that the pharmacological properties (and thus the responses to toxic chemicals) of starlings at one time of year may differ greatly from those of starlings at another. Indeed, the findings summarized above may have to be reassessed as we learn more about these changes (Jones & Ward 1976 , Osborn 1979 .
Our current most important contribution to the problems of pesticides and wildlife centres on our emphasis on seasonality. We do not understand why the cycles in pesticide levels exist, but they may well be more related to seasonal changes in the animals' physiology than to changes in the amount of pollutant to which they are exposed. There is no doubt that much more work is required on animals in the wild, but by its nature, such work is bound to produce predominantly correlative evidence. Experimental proofoffield observations in the laboratory will be an important part of the studies. but at present there are a number of difficulties in carrying out meaningful experiments on captive wild animals. For example, it seems that some of the differences between captive and free-living wild animals are as great as those between free-living animals captured at different seasons, and it is as yet uncertain whether seasonal cycles in the physiology of captive animals are similar to those of their wild counterparts. Furthermore, food availability, temperature regulation, etc, are features of laboratories that mean an animal is not subject to the same problems in the laboratory that it meets in the wild, and such difficulties have yet to be tackled by physiologists even though some ecologists have been aware of the potential problem for some time (Ward 1972 ). Recently Cooke (1973 has emphasized the importance of laboratory conditions. in pesticide studies, for he found food restriction alone to be sufficient to induce egg-shell thinning in hens and that the conditions under which frog tadpoles are kept influences their response to DDT. This is the background against which the more modem pesticides that have largely replaced the organochlorine insecticides must be examined in attempts to assess the threat that these new chemicals might present to wildlife. In some ways because the newer pesticides are less persistent, and more readily metabolized, two properties generally thought of as desirable in pesticides, the threat that these chemicals may present to wildlife are much more difficult to assess.
Certainly, wildlife mortality incidents are not a thing of the past. Circumstances will inevitably combine to cause death, occasionally on a scale which is ecologically important, . such as happened in the last few years when several hundreds of geese were killed by the organophosphorous insecticide carbophenothion. As for the sublethal effects of these chemicals, which primarily affect the nervous system, we do not know enough to appreciate whether these are important or not. All we can say is that little seems to be happening at present that cannot be explained in terms of causes other than pesticides.
In considering future changes in wildlife populations it will be important to place pesticides in the proper perspective. On the one hand pesticides are only one class of chemicals that man's activities cause to be released into the environment, but, on the other, animals have always had to cope with exposure to naturally occurring toxic chemicals, and thus have probably evolved mechanisms for dealing with them, e.g. the cytochrome P450 system. Furthermore, toxic chemicals are but one of a large number of factors which place pressure on the survival of individual members of a population; others include climate, disease, and food supply. In addition, we do not know how resilient natural systems are to these natural pressures, let alone to those additional ones imposed by man. Such knowledge is badly needed and it is worth acquiring for reasons other than purely ecological ones: studies of wild animals (rather than of the 'furry test-tubes' that so many strains of laboratory animals have become) possibly will tell us more about agricultural animals and man, neither of which live in conditions as strictly controlled and as invariant as those prevailing in many medical research laboratories.
It is to be hoped that the combined efforts of ecologists and physiologists will help us understand our environment and the wildlife within it, so that not only are we better prepared to nip future problems in the bud, but also that, by investigating the physiology of wild animals, we may make the toxicity testing of future chemicals and the chemicals themselves more appropriate to particular problems. In the long term this may lead to relative reductions in costs, since both the development and safety evaluation of new pesticides might become more selective than they are at present. This would help carry us away from the danger that our rightful concern for environmental safety will suppress the development of safer and better pesticides on whose efficacy so much of our food supply depends.
